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SUMMARY

●

“

Recoveryof internalfrictionduringperiodsofrestin specimens
subjectedtofatiguestressesintorsionhasbeenstudiedexperimentally
withhigh-purityaluminum.Theeffectiveheatofactivationfortheproc-
essisfoundtobe about10,CW caloriespergrammoleculeor less. The
ideaispresentedthatthedislocationsresponsiblefortherecoveryof
internalfrictionarethesameas thoseresponsibleforfineslipwhich,
accordingto oneexistingtheory,isthemechanismresponsibleforfatigue
failure.Experimentalresultsindicatethatobtaininga recoveryfactor
independentof stressinghistorymaypossiblybe associatedwithinstall-
inga cyclicprocessinwhichthesubgrainstructureiswellestablished.
Thebasicprocessthenoccurringmaybe oneof indefiniteto-and-fro
motionof somefreedislocationstithina frameworkof immobilizedarrays
of dislocations
substructure.

responsibleforthegeneralplasticflowandthe

INTRODUCTION

A considerableamountof experimentalevidenceisavailablewhich
showsthatwhentheinterqalfri&ionofa freshlycold-workedmaterial
ismeasuredduringa subsequentperiodofrestthereisa definitetend-
encyfortheinternalfrictionto decreaseas thelengthoftherest
periodincreases.Theetientofrecoveryisvariableandisdependent
on thecompositionofthematerial,theamountof cold-work,thetem-
perature,andtime. Thiseffectisgenerallydenotedasrecoveryof
internalfriction.

Thefirstknownstudyof recoverywasmadeby Kelvin(ref.1).
He showedthatsustainedperiodsofvibrationgaveriseto a consider-
ableincreaseintheinternalfrictionandthatsubsequentperiodsof
restresultedina largedecrementin itsvalue.Apparently,thenext
systematicinvestigationwasconductedby K6sterandRosenthal(ref.2).
NoWick(ref.3), whileclassifyingthevariouskindsof internalfriction
observedincold-workedmetals,namedthatparticularpartwhichis
characterizedby a substantialdecayinvalueduringa periodofrest
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the“Kth3tereffect.” Reference4 brieflydescribestherecoveryeffect
observedby thepresentauthorwhileconductingsomeworkon 1100alumi-
numandthepurposeofthepresentreportisto describetheobservations m
madeduringa studyofthisproblem.

.
—

Thepresentinvestigationwasconductedat theGuggenheimAeronauti-
calLaboratoryoftheCaliforniaInstituteof Technologyunderthespon-
sorshipandwiththefinancialassistanceoftheNationalAdvisoryCom-
mitteeforAeronautics.Itiswithpleasurethattheauthoracknowledges

—

thehelpfulsuggestionsreceivedfromProfessorSechler. ——

SYMBOIS

B+JW1 constants

Q heatofactivationforrecoveryof 82 damping

R gasconstant

T absolutetemperatureatwhichprocessis

t timevariable

Y recoveryfactor,ratioofdampingat end
to dsmpingat endof 30-minuterest

5 .81+62

taking place

of l-nd.nuterest

/51 dampingduetograinboundaries,subgrainboundaries,and
slipinterfaces

82 dampingdueto somerelativelyfreedislocationsfound
withinsubgrains

—

V numberoffreedislocationsresponsiblefor 52 dsmping

a externalstressactingonmaterial

ad backstressdevelopedby piledarray

af internalstressopposingmovqnentof

ofdislocations

dislocations
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EQuImENT

.

.

Thetestequipment,whichhasbeendescribed.indetailinrefer-
ence4,basicallyconsistedofa torsionalvibratorfromoneendof
whichwassuspendeda testspecimenmountedon thetopofan inertia
bar. Thisis shownschematicallyinfigure1. Thedsmpingofthetest
specimenwasmeasuredby thedecayof low-smplitudefreevibrationsin
torsionanda photocellelectroniccountersystem.Thestraincorre-
spondingtothemsximumsmylitudeof suchvibrationsinthedecaymeas-
urementswas2.7X“10-5radiansandtheaxial.stresson thetestspeci-
menwaslessthanlCX)psi. Theinternalfrictionwascalculatedina
mannerdescribedinreference4.

TESTMATERIALANDSPECIMENS

Thetestmaterialwashigh-purityaluminumofthefollowingcompo-
sition(thematerialandthecompositionbeingsuppliedby theAluminum
Co.ofAmerica):99.996percentaluminum,0.003percentzinc,and
0.001percentsilicon.Theyieldpointandtheultimatestrengthin
tensionof thematerialas receivedwere6,750psiat 0.2-percent-offset
strainand9,800psi,respectively.Thetestmaterialwassuppliedin
theformof l/2-inch-dismeterrods12feetlongandwasdescribedas
hand-forged.Therewasevidenceofa considerablesmountofpreferred
orientationofthegrainalongthelengthoftherod.

Thetestspecimens,whichwereofthegeometricalformshownin
figure2,weremachineddirectlyfrm thematerialasreceived,the
machinecutsinthefinalstagesbeingoftheorderof0.002inch.The
specimenswerepolishedfirstwith600Agritemerypaperandtheninan
electrolyticbath.

ANNEUINGPROCESS

Preliminaryexperimentsrevealedthat,depending
timeandtemperature,twoentirelydifferentkindsof
obtained.Thelow-temperature,short-timeannealwas

upontheannealing,
failurescanbe
foundunderfatigue

stressingtogiveriseto a crackformationandseparationlikethe
breakageofa pieceof driedfibrouswoodwhensubjectedtotwistper-
pendicularto thefiberdirection.Fora high-temperature,long-time
anneal,thefailurewascharacterizedby a partitionsurfaceconsisting
ofroughlyconcentricringsarounda starlikeformationobviouslycaused
inthefinalstagesof failureby thetensileloadof 100psiacting
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onthespecimen.Thesetwotypesoffailuresareshownschematically
infigure3. .

Itwasalsofoundthatthehigh-temperature,long-timeanneal
(6hoursat900°F)gaveriseto a rather@rge gain size,2 to 3 mil-
limetersor larger;insomecasesthegrainsoccupiedthewholediameter
ofthespecimen(1/8 inch)andwereup to 1 centimeterinlength.In
addition,itwasfoundthat,iftheinertiabarendwasnotrestrained,

—

suchspecimensexhibitedlargepermanentdeformationunderfatigue,the
processapparentlybeingoneofdisplacemeq~acrossthegrainboundaries

—

withwelldefinedlargeslipsurfaces.I?oi5Edd.ynorestraintisneces-
sarysincetheinertiabaris stationarydueto thelooseinertial

—

couplingofferedby thetestspechentothevibrator.Underthesecon-
ditionsa nonoscillating,irreversibledeflectionoftheina?tiabaris

--—

a measureofthecreepdeformationwhichthetestspecimenmayundergo ‘- -
underfatigueconditions.A plotofthistorsionaldeformationagainst
timegavethecharacteristiccreep-curvefeatures,theamountofdefor-
mationbeinga functionoftemperature.Itistobe notedthatthis
creepdeformationwasnotobservedwhenthespecimenwasnotbeingsub-
Jectedtotorsionalfatiguestressi%. _

—

Sinceitwasinconvenienttoworkwiththelargegrainsize,lower
temperatureandshorterannealingttiesweretried;thechosencriterion -–
fortheselectionoftimeandtemperaturewastheremovaloftheprefer-
redorientationstructure,resultingingain refinementbutno grain
growth..~twasfoundthatanannealofl/2_hourat600°_Fmaybe applied
to achievethisconditionsuccessfully,andthisccxibinationwasused
forannealingallspecimensusedinthiswork. Asmaybe expected,this

c

alsoresultedinmuchsmallerpermanenttorsionaldeformations.The
averagegrainsizeobtainedundertheseconditionsofam.nealingwas .
0.04millimeter.

TESTPROC!EDIRE

Thespecimensas obtainedfromtheelectrolyticbathwerecarefully
mountedonthetestingmachinesadthetemperatureofthefurnaceenclosing
thetestspecimenwasraisedto6000F inabout10minutesandkeptat
thattemperaturefor1/2hour.At theendofthisperiodthespectien
wascooledtoroomtemperaturewiththefurnaceopened.Subsequently,
thetemperaturewasraisedtothedesiredvraluebeforestartinga test.
Thisprocedurewasfounddesirablesincetherewasevidenceofgrain

—

growthifthetestspecimenwascooledat a lowerratewiththefurnace
closed.

,

.
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Thedampingofthespecimenthuspreparedwasmeasuredat thetest
temperatureseveraltimesbeforesubjectingitto fatiguestress.In.
generalitwasfoundthattherewasa variationaboutthemeanvalueof
theorderof~ percent.Afterthismeasurement,thespecimenwassub- ..
jettedtotorsionalfatigueat236cyclespersecondfora specifiedtime
andthedampingwasmeasuredduringa subsequentperiodofrestofabout
1/2hourormore. Intheroom-temperaturetesta minorvariationwas
adopted.At theendof 1 minuteoffatiguestressing,a restperiodof
20hews ormorewasgivenduringwhichtimethedampingwasdetermined
thesubsequentperiodsofrestafterfurtherfatiguestressingwereagain
of l/2-hourduration.Inaddition,another20-hourrestperiodwas
givenduringthelatterstagesofthestressinghistoryofthesameseries
of specimens,the&ping againbeingdeterminedto findiftherewas
anycorrelationbetweenstressinghistoryandshort-andlong-the
recovery.

Thecriticaltemperatureforstressrelaxationacrossthegrain
boundaries,as definedby therelationof internalfrictionto tenrpera-
ture,wasfoundtobe 575°F. Therecoverytestswererestrictedto
temperatureequalto or lessthan300°F, thistemperaturebeingin
generaltheminimumrecrystallizationtemperatureforaluminum.The
chosenmaximumsmplitudeformeasurementofdecaywasfoundtobe just
withintherangeatwhichthedecaywassmplitudeindependent.There
isa possibilitythattheperiodofrestduringwhichtherecoveryof
internalfrictionwasmeasuredwillchangethefatiguelifeof thetest
specimen.Inviewofthedifficultyin correlatingtherestittsfrom

? differentspecimens,itwasdecidedtousethesamespecimensforany
onetestinvolvingthesamestressandthesametemperature.Thefol-
lowingtorsionalstresslevelsandtesttemperatureswerechosenfor

. thisinvestigation:

(1) max&n.yring stress:4,000,5,000,6,000, and7,000pSi

(2)temperature:75°,200°,250°,and300°F

A testof 150°F wasperformedto getadditionalinformationatthe
7,000-psistresslevel.

DISLOCATIONMODELFORANALYSISAND

INTEWRE’I!ATIONOFRESULTS

. Themodeldevelopedforanalyzingtheresultscloselyparallels
thatproposedby KuhlmannandNabarroanddiscussedby Cottrell

.
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(refs.5 and6)forexplainingtheelasticaftereffectandtherecovery
.

in cold-workedmetals;therecoveryprocesshereisunderstoodto involve
a reductionoftheinternalstressesduringannealingbelowrecrystal- ●

lizationtemperatures.

Xtisassumedthatthegrainboundariesofanannealedspecimen
consistofa complexarrangementofdislocationssolinkedthatthey
arerelativelyimmobile.It is suggestedthattheener~dissipation
by sucha configurationin low-smplitudeoscillationmaybe considered
tobe duemainlytotheout-of-phaseto-and-fromomentofthesegrouped
dislocations.Thedetailedmechanismforthisisnotyetknown.In
addition,whensucha specimenis subjectedto repeatedstresses,for-
mationof sliponvsriousintersecti~planestskesplace,eventually
leadingtopolygonizationandgrowthof subgrains(ref.7 andothers).
AccordingtothetheorypresentedbyCottrell,itmsybe imaginedthat
thearrayof slipplanescontainspileddislocationsbuildingup aback
stress.Itisthoughtthatthesubgrainboundemiesalsoaresimilarly
arrsmgedgroupsofdislocationsresponsibleforsmallchsmgesof orien-
tationoneitherside.Undertheinfluenceofanexternalstressa,
m internalstressUi hastobe overcomebeforea dislocationcanbe
madetomove. Thedislocationssomovedpileagainsta boundarybuilding
up a backstress~d. Clesrly,accordingtothistheory,plasticflow

Itisnowimaginedthat,inadditiontothedislocationsdiscussed
above,thereexistsanotherclassofdislocationswhichhavetheirsources
withinthesubgrainsandsoarerelativelyfreeandhencemoremobile. *

Thestressai tobe overcomeinorderto settheminmotionisrela-
tivelysmallcomparedwiththatdiscussedby Nabarroinorderto explain .
mechanicalhysteresis.Theto-and-fromotionof thesedislocations
appearsto resultinthefineslipobservedby Woodandothers(refs.8
and9) andconsideredby Woodtobe thebasicmechsmisdunderlyingfatigue
dsmage.AccordingtoWood,theto-and-fromotionofthefreedisloca-
tionscanbuild.upintensebandsoffineslipresultingina local
deteriorationof structureleadingto localcrackinitiationandultimate
fatiguefailure.

Itisprobablethatiftheinternalfrictionofa testspecimen
weretobemeasuredimmediatelyaftera periodoffatiguestressing,
thetotaldampingmeasuredwouldconsistoftwocomponents,51 and 52>
where 51 isthecomponentduetotheout-of-phasemovementofthe
dislocationsintheslipinterfacesandsubgrainandgrainboundaries
and 52 istheresultofthemotionoftherelativelyfreedislocations
havingtheirsourceswithinthesubgrains:It seemsreasonableto assume .
that,duringa periodofrest,thesefreedislocationsspontaneous~”

.
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movetowardtheboundariesofthesubgrainsandtemporarilygetbound
to themandthusdonotcontributetp theenergydissipationofthe 5*.
variety.Thisineffectmeansthatduringa periodofrestthereshould
be a reductionoftipingfrom 5 = 51+ 52 to 51 overa periodof
time. Thisexplanationseemstobe substantiallythesameasthatgiven
by Nowickinreference3 to explaintheK8stereffect.Sincethesedis-
locationsareconsideredtohe boundtotheboundariesratherloosely,
a subsequentperiodoffatiguestressingisexpectedto activatethem
again,almostinstanttieouslybringingbackthedampingto thevalue
51+ 62)andto continuetoproduceadditionalcampositefineslipregions.
It isevidentthat,startingfroman annealedspecimen,% itselfis
variableandingeneralisexpectedfirstto increasewiththestressing
historyandthentobecomeroughlya constantorprobablydecrease
withstressinghistoryas sameof thereportedinvestigationsindicate.
Thisreductionofdampingaftera prolongedperiodof cyclingseemsto
fitthegeneralpatternofthemetallographicobservationsoffatigue
testspecimens.Thus,Forsyth,inreference9, andothersindicatethat
fatigueacceleratesrecrystallizationevenat ordinarytemperatures.
Since,ingeneral,% is cmpletelyreducedto theannealedvalueonly
by recrystallization,anyeffortinthatdirectioncontributedby fatigue
mayalsobe expectedtoreducethevalueof .51.Thusitappearsthat
thereductionfranthepeakvalueof %> as comparedwiththeannealed
value,maybe a measureoftheamountofrecrystallizationeffectedby
fatigue.Thebasicideathatispresentedhereisthattherelatively

. freedislocationsresponsiblefordampingofthe 52 varietyarethe
sameasthoseresponsibleforfineslipwhich,accordingtoWood,isthe
basicmechsmismunderlyingfatiguedamage..

Inpassingitmaybe mentionedthatthereisreallyno conflict
withtheideathatfineslipisrestrictedinlengthto thesizeofthe
subgrains.Thesliplinesarenotgenerallyabsolutelystraightand
it is suggestedthatunderlargermagnificationstheymaybe foundto
be clustersof sliplineswhoselengthsareofthesameorderasthose
of thesubgrainsandhavethesamegeneraldirectionwithinthegrain
astheobservedsliplines.Alsosinceintensificationoffineslipis
observedduringprogressivefatiguecycling,it isappsrentthatsome
systemmustexistwhichcontinuouslyreplenishesthedislocations
destroyedintheproductionoffineslip.Aswillbe shownlaterthis
replenishingprocessseemsto stabilizeto a constantvalueaftera
certaintime,thevaluesadthetimedependinguponthestresslevelof
fatiguecycling.

Let q be thenumberofrelativelyfreedislocationspiledup.
withinthesubgrainstiediatelysftera periodoffatiguestressing:
Thebackstressad causedby thesedislocationsis clearlyproportional

“
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to q. Theactivation
dislocationsshouldbe
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energyneededforspontaneousmovementof such
proportionalto ui- ad where ui~asmentioned ~

above,isthestresstobe overccmetomovethesedislocations.This
stressmaybe comparableto a kindoffrictionalforceandconsidered
relativelyconstant.Since ai isassumedtobe a constant,theactiva-

—

tionenergyshouldthenbe linear3yrelatedto ad alone)thatis)to
~ alone.Therefore,onemaywritetherateof spontaneousmovementof
dislocations

d? _ -Cle-(Q - BIV)/RT
dt

where(Q- Bl~)istheeffectiveactivationenergy.Asmentionedabove,
duringa periodofrestthisspontaneousrnpvementresultsina more
stablearrangementofthesedislocationswhicharethentemporarily-
unconcernedwiththeenergydissipation.Itisalsoassumedthatthe
valueof 52 isproportionaltothenumberoffreedislocationsavail-
ableforenergydissipationat anytfie.

—
Thatis,

db2~q= -ce-(Q- Bb)/RT
~ dt

Since fS1is
periodoffatigue,

Thisrelationthen

assumedtobe a constantafteranyoneparticular
itfollowsthat

*

QiQ= -Ce

+ - I!5)/RT
dt

.
(1)

formsthebasisforanalyzingtheresultsobtained
inthisinvestigation.Disregardingthenegativesignforthetime
being,oneobtains

gIIloge~t =log& - [(Q- B@/~] (2)

—

or,slightlyrearrangingterms}

(3)



.

.

NACATN 4371 9

Equations(2)and(3)suggestthata plotof loge~II againstl/T

and IIQ&1%6$dtagainstl/T shouldgivelinearrelations.Fromthe

testresults,thesefunctionsaredeterminedandplottedinthemsmner
describedbelow.

RESUITSANDDISCUSSION

Recoveryfactorsy andvaluesof internalfriction51 atthe
endof a l-minuterestperiodarepresentedintableI forallstress
levelsandtemperatures.Theresultsforthe7,~0-psistresslevel
arepresentedintheformof curvesinfigures4 to 7.

Thebasicexper-ntalresultsmaybe summarizedas follows:
Recoveryof internalfrictionwasnoticedat allstresslevelsand
temperatures.Inadditiontobeinga functionof stresslevelandtem-
perature,recoveryalsoappearstobe a functionof stressinghistory.
At leastat roomtemperature,therecoveryincreaseswithincreaseof
stressinghistoryandeventuallybecmnesa constant.At highertemper-
atures,theresultisnotsocertainanda tendencytowarda decrease
ofrecoverywithincreaseof stresshistorywasobserved.Therealso
appearstobe someevidencetotheeffectthatrecoveryis inhibitedat
a hightemperature,(thedampingbeingmeasuredatthesametemperature)
iffatiguestressingwasdoneat roomtemperature.Thisaspectneeds
furtherinvestigation.

Theeffectiveheatof activationis computedfromfigure5 which

givesa roughlylinesrrelationbetweenloglo~ and l/T. Theslope

ofthisline(changingfrom loglo to 10&) thengivestheeffective
heatofactivationas9,980 caloriespergrammolecule.Thefollowing
valueswereusedforthiscomputation:Stresslevel,7,000psinominal;
durationof stressinghistory,2.83x ld cycles;resultsanalyzedfor
a valueof 5 = 30X1O-3. Thisparticularvalueof 8 waschosen
sinceforthisvaluethereisan interceptoftherecoverycurves
(fig.4) at alltemperatures.Thepointsor curvesfor3~0 F werenot
includedinfigures5 to 7 sincetherewassomeuncertaintyaboutthe
resultsandsince300°F istooclosetotherecrystallizationtemperature.

= figure6,
II

log~o~ isplottedagainstb andinfigure7

II
& loglo~ isplottedagainstl/T. Thesecurvesagaingiveroughly
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.
linearrelationswhichsuggeststhatthisapproachmaybe a reasonable
one. Thevalueof Bb obtainedfromfigure~ isfoundtobe roughly
equalto9,140caloriespergrammolecule.Theeffectiveheatofacti-
vationfortheprocesscomparesfavorablywiththatofFusefeldfor
brassasreportedby NoWickinreference10. Sincethisvalueis con-
siderablylowerthantheheatofactivationofvolumediffusionforpure
aluminum(about37,500caloriespergrammolecule,ref.11),commentsby
otherworkersthatrecoverybelowrecrystallizationdoesnotinvolve
volumediffusionseemtobe inorder.It ismoreprobable,as also
suggestedby otherworkers,thatduringrecoverythedislocationsrespon-
sibleforitarenotlostbutsimplygetboundeitherto impurityatoms

—

by seekingthemorto subgratiboundaries.Thevalueof
Q= 9>9~ + 9,140 = 19,120 caloriespergrammoleculedoesnotseem
tobe relatedtoanyoftheknownheatsofactivationpertainingto

-L

otherprocessestakingplaceinhigh-purityaluminum.
—

Itisnotknown
towhatextenttheimpurities,0.003percentzincand0.001percentsil-
icon,influencetheresult.Theheatsofactivationforthediffusion
of zincandsiliconinaluminumsrenotknown.

Oneofthemoreinterestingphasesoftheseinvestigationsisthe
vsriationofrecoveryas a functionof stresslevelandstressinghis-
tory. Inreference4 itwassuggestedthat,exceptinonecase,the
recoverywasnotfoundtobe a functionof stressinghistory.This
statementneedsrevisioninthelightofthepresentseriesoftests
whicharemoreexhaustive.Thenegativerecoveryfactor,thatis,an

—

inhibitionofthereductionofdampingorpossiblyan increaseindamping
duringa restperiod,reportedinreference4 wasnotnoticedagainand ●

thereisa probabilitythatitmaybe erroneous.Whatonemaycalla
negativerecoverywasnoticedinthisworkalsobutundersomewhatdif-
ferentconditions.Beforethisaspectcanbe recognizedas certain,
furthertestsareneeded.

Sinceit is impossibleto extrapolatetherecoverycurvetothe
startoftherestperiod,theratiooftheinternalfrictionatthe
firstminuteto thatat someothertimeisadoptedasa measureof
recoveryduringthatperiodofrest. Ingeneral,thevalueoftheinter-
nalfrictionattheendofa 30-minuteintervalwastakenasthedenomi-
natorfordeterminingtherecoveryfactor.Therecoveryfactorsso
determinedandthevaluesoftheinternalfrictionattheendofthe
l-minuterestperiodaresummarizedforallstresslevelsandtempera-
turesintableI. Thesevaluesareplottedinfigure8 asa functionof
stressinghistory.Alsoplottedinfigure8 isa brokencurveJoining
twopointswhichcorrespondtorecoveryfactorsobtainedforroom-
temperatuetests(75°F) for20-hourrestperiods.Thevariationof
dampingbeyond20hoursofrestwasinsignificantlysmallandhencethe
valueat 20hoursmy be,assumedtobe constantandrepresentativeof
thevaluesbeyondthisperiodofrest.

m

—

.
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Onestrikingfeaturethatcanbe observedfromthecurvesinfig-
. we 8 isthatat roomtemperaturethereisa progressiveincreasein

therecoveryfactorwhicheventuallytendsto a constantwithincrease
of stressinghistory,whereasathighertemperaturesonenoticesa
trendtowarda decreaseintherecoveryfactorwithtemperatureand
stressinghistory.However,inno casedoesoneobtaina valueless
than1 andas thetemperaturea~roaches~“ F, therecoveryfactor
showsa tendencytobe relativelyindependentof stressinghistory.

At roomtemperaturewithan annealedspecimentherecoveryfactor
seemsto increasegradually,eventuallyreachinga relativelystable
valueaftersomeperiodoffatiguestressing.At leastinthe
beginningofthestressinghistory,thereisa trendtowardan increase
intherecoveryfactorwithan increaseof stressforthesamenumber
of cyclesof stress.

Therelationbetweenlong-termrecoveryfactorsandstressing
historycorrespondingto 1.42x 104cyclesandmorethan5 X105 cycles
isveryinteresting.Thesevaluesareplottedas a functionof stress
infigure9. Fromthesecurvesonenoticesthatfora shortfatigue-
stressinghistorytherecoveryfactorincreaseswithan increaseof
stresslevelinthetestrangeandfora longfatigue-stressinghistory
therecoveryfactordecreaseswithstresslevel.Ihfactthetwocurves
tendto intersectinthevicinityof7,500psi. Apparentlyat this
stressleveltherecoverybasedon longrestperiodsbecomesindependent
of stressinghistoryevenat a stressinghistoryoftheorderof

. 1.42x 104cycles.A constancoftherecoveryfactorwithstressing
historyimpliesthat

T
(51+ 52/51 = 1 i-(62/81)isa constant.Since

. inthesecasesitwasobservedthataftera longperiodofrest % ‘s
constantduringthelaterstageoffatiguestressing,onemayconclude
that 52 isalsoa constant.Thisimpliesthatthenumberof disloca-
tionsinvolvedinfineslipis constantaftera certainperiodoffatigue
stressing.Thus,as thestresslevelisprogressivelyincreased,the
periodof fatiguestressingneededfora constantrecoveryfactorat any
psrticukrstresslevelgraduallydecreases;thatis,a cyclicpattern
isestablishedinwhichthesubgrainstructureiswelldefined,andthe
basicprocessthenoccurringmaybe oneof indefinitefineslipcaused
by theto-and-fromotionof thefreedislocationsresponsibleforthe
dsmpingof the 52 variety.Thefactthatthehigherthestresslevel,
theearlierthispatternisestablishedisfurthersupportedby the
natureofthefatiguefailure,thatis,an inverserelationbetweenthe
stresslevelandthenuder of cycles.Thisresultanditsinterpre-
tationintermsoffreedislocationsappeartobe furtherevidencein
supportofWood’stheoryoffatiguefailure.Theexplanationofthe
curvesforhighertemperaturesmustawaitfurtherwork.

—



12

Oneseriesoftests
however,theresultsare

yieldedresultswhichasyetare
showngraphicallyinfigure10.

thetestspecimensweresubjectedto fatigueat 7,000psi
cyclesandthedampingduringa subsequentperiodofrest

NACATN 4371
.

notexplained
Inthisserie~, .
for2.12X 10
wasdetermined.

Inonecasetherestperiodwasalwaysatroomtemperatureandthem“ve
typicalforthe7,000psilevelforroomtemperaturewasagainobtained. - ‘
Intheothers,afterthefirstmeasurementwastskenatroomtemperature

—

1>minutesafterthestartoftherestperiod,thetemperatureofthe
L

specimenswasraisedto 2(20°,250°,and300°F inabout4 minutesand
—

thedampingwasmeasuredduringthesubsequentrestperiodsatthese
temperat~es.Thedampingofan annealedspecimenshowedthatwithin
thistemperaturerangethevariationofdampingwasrelativelysmall.
Itwasfound,however,thatthedampingof-theothertestspectienswas

—

inhibited,and,inparticularatthehigher_temperatures(250°and300°F),
therewasan increaseofthedampingas com~aredwiththevaluedeter-

.— --

minedat roomtemperaturesoonafterthefatiguestressingwasstopped.
Coolingthespecimensto roomtemperatureqevealedthatthedsmpingat

.

roomtemperatureis ingenerallessfortheseheatedspecimensthanfor
—

thosegivena periodofrestatroomtemperature.Theroom-temperature‘- “-
dampingwasingeneralfoundtobe lower,t&ehigherthetemperature

—

atwhichthespecimenwasrested.Inno casewasthevalueofthe - -
dampingsoobtainedcomparableto thevalue.obtainedintheannealed
conditim.Thatisto say,therecoverywasincomplete.Inaddition,
a determinationofthe 5 againstT relgtionofthesespecimens
indicateda shiftofthetemperaturepeakforrelaxationacrossthe - - ~
grainboundariestoa lowertemperature.~s shiftmaybe interpreted ‘--
tomeana smallergrainsize(causedby fatiguestressing)whichisin
conformitywiththenatureoftheitiluenc~of cold-work,sinceit is

—

a wellestablishedfactthatcold-workresultsin crystalbreakup.It .

isnotquiteclearwhyrecoveryshouldbe inhibitedby hightemperatures
iffatiguestressingwasdoneat roomtemperature.

—

SUJWY OFRESULTS

Thefollowingresultswereobtainedfromtheinvestigationof
recoveryof internalfrictionduringperiodsofrestin specimensof
high-purityaluminumsubjectedto fatigueg-tressesintorsion: —

1. Itwasfoundthattheeffectiveheatofactivationfortheprocess
isapproximately10,OCOcaloriespergrammolecule.

2.Variationofrecoverywithstresslevelandhistoryindicates
thatrecoverybecomesindependentof stressinghistorysoonerathigher .

stresslevels.Itappearsthatthisrecoverymaybe associatedwith —
.
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theestablishmentofa suhgrainstructureandthebasicprocessthen
happeningmaybe oneof indefiniteto-and-fromotionof somefreedis-.
locationswithinthesubgrains.

3. It is suggestedthatthedislocationsresponsibleforrecovery
arethesameas thoseresponsibleforfineslip,which,accordingto
oneexistingtheory,isthemechanismresponsibleforfatiguefailure.

CaliforniaInstituteof Technolog,
Pasadena,&lif.,August1, 1956.

.

.

“

—
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